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® Particulate polymer composition, a method of making particulate polymer compositions, and 
light-scattering thermoplastic polymer compositions containing the particulate polymers. 



© A particulate polymer composition comprising core/shell polymer particles in a size range between 2 and 15 
micrometers, and having a core with a refractive index close to, but not identical with, that of a matrix polymer 
and an outer shell compatible with the matrix polymer, imparts light-diffusing properties to the matrix polymer 
without degrading its physical properties. 
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PARTICULATE POLYMER COMPOSITIONS, A METHOD OF MAKING PARTICULATE POLYMER COMPOSI- 
TIONS, AND LIGHT-SCATTERING THERMOPLASTIC POLYMER COMPOSITIONS CONTAINING THE PAR- 
TICULATE POLYMERS 



This invention is concerned with light -diffusing polymers and to light-scattering thermoplastic composi- 
tions. It further relates to particulate polymeric additives useful in making such compositions and the 
process for making such additives. 

Light-diffusing polymers are "semi-transparent" or translucent to visible light, that is, they scatter 

5 transmitted light, preferably without significantly reducing its intensity. They may be clear or colored, and 
may be incorporated into clear or colored thermoplastic polymer matrices to form light-scattering thermo- 
plastic compositions which may be formed into sheets or films of various thicknesses, or into more complex 
shapes. Such compositions find use as luminaires, rear projection screens for television or film viewing, 
decoration, and many related applications. 

to Early light diffusers were made from glass, typically by surface treatment such as grinding or etching. 
Polymeric light-scatterers initially used similar processes, or incorporated finely ground inorganic particles, 
such as titanium dioxide, barium sulfate and silica, into the poiymer matrix. Such particles were difficult to 
disperse evenly, they reduced the light transmission of the polymer unacceptably, and, because they were 
usually hard, irregular, ground particles, they tended to abrade the processing equipment. They were also 

75 difficult to obtain in reasonably uniform particle-size distributions. 

Glass microspheres solved some of the problems associated with other inorganic particles; they were 
less abrasive because they were spheres, and they allowed greater light transmission. But they were still 
generally non-uniform in size, and they shared a tendency with the other inorganic light diffusers to reduce 
the physical strength of the poiymer. 

20 Light-diffusing polymer particles have also been used to introduce light-scattering properties into 
transparent matrix polymers. Land, US-A-4,165,153. teaches incorporating polymer particles having a 
refractive Index preferably at least 0.1 units below that of the matrix polymer. Lang, US-A-3.992,486, 
teaches the use of opaque, porous, crosslinked polymer particles smaller than about 30um, formed by 
endopoiymerization and having a refractive index preferably above that of the matrix polymer, as an 

25 opacffier, flatting agent and pigment as well as a light-diffusing agent. Krieg et a!., US-A-3 ,883,61 7, teaches 
precipitating styrene particles within a monomer system during polymerization, and subsequently thermally 
crosslinking these particles to form light diffusers. As only styrene is taught, no flexibility exists in selecting 
the refractive index of the particles with respect to the matrix polymer. Kishida et a!., in Japanese 59-38252, 
teach suspension-polymerized particles of 10 to 500um diameter as light-diffusing particles. 

30 Each of the prior art light-diffusing particles suffers from one or more of the following problems: poor 
particle-size uniformity, inflexibility of refractive-index choice, poor adhesion of the particle to the matrix 
polymer with accompanying degradation of matrix-polymer physical strength, and degradation of light 
transmission in the matrix polymer. Accordingly, it is an object of the present invention to produce a 
polymer particle having light-diffusing properties and which is capable of reducing one or more of the above 

35 problems. Other objects of the invention will be apparent from the following. 

In accordance with one aspect of the present invention we provide a novel, particulate, light-diffusing 
poiymer composition which is suitable for incorporation into a thermoplastic matrix polymer to prepare a 
light-scattering thermoplastic composition, and in a second aspect of the present invention we provide the 
light-scattering compositions so prepared, such light-scattering compositions are especially useful for rear- 

40 projection television screens, luminaires, decorations and related uses for a strong, light-scattering composi- 
tion. In a third aspect of the present invention, we provide a process for making the novel particulate 
polymer composition. 

The particulate polymer composition comprises particles of core/shell polymer having a diameter of 
from about 2 to about 15um, a size distribution smaller than about ±20% of the average particle diameter, a 

45 core of rubbery alkyl acrylate polymer, the alkyl group having from 2 to 8 carbon atoms, the core containing 
from 0 to about 5% crosslinker and 0 to about 5% graftlinker (based on the total weight of the core) and 
having a refractive index (n ^ 5 ) within about ±0.2 of units, preferably ±0.06 units of, more preferably 
±0.05 units of, and even more preferably about ±0.03 units of, but preferably no closer than about ±0.003 to, 
the refractive index of the matrix polymer, and an outer shell of poiymer compatible with the matrix 

50 .polymer, which shell comprises from about 5 to about 40% of the weight of the particles. 

The light-scattering thermoplastic composition comprises a thermoplastic matrix polymer and from 
about 0.1 to about 10% of the particulate polymer composition wherein the outer shell of polymer is 
compatible with the thermoplastic polymer and wherein the refractive index of the core is wfthin ±0.06 units, 
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preferably about ±0.05 units, and more preferably about ±0.03 units of, but no closer than about ±0.003 to, 
the refractive index of the thermoplastic polymer. 

The particulate polymer of the present invention comprises individual particles with a diameter from 
about 2 to about 15um, preferably from about 5 to about 10um, and a narrow particle-size distribution. The 

5 particle size distribution is such that at least 90% by weight of the particles fall within ±20% of the average 
diameter of the particles; it is understood that the term "particle size distribution" used herein refers to the 
size range of at least 90% by weight of the particles. The particles have a core of rubbery alkyl acrylate 
polymer, the alkyl group having from 2 to 8 carbon atoms, copolymerized with from 0 to about 5% 
crosslinking monomer, from 0 to about 5% graftlinking monomer, and from 0 to about 50% other 

io copolymerizabie vinyl monomer. The preferred alkyl acrylate is butyl acrylate, and the preferred other 
copolymerizabie vinyl monomer or monomers are more preferably monovinyl monomers, preferably 
selected from the group consisting of alkyl methacrylates and monovinyl arenes, and still more preferably 
styrene. Monovinyl arenes, as used herein, include such monoethylenically unsaturated aromatic monomers 
as styrene, alkylstyrenes such as methylstyrene and ethylstyrene, other substituted vinylbenzenes wherein 

15 the subsfrtuents do not interfere with polymerization, and similar vinyl polycyciic aromatic monomers. The 
indicated percentages are by weight (as are all proportions used herein unless otherwise indicated), and are 
percentages of the total core monomer. The alkyl acrylate and any copolymerizabie vinyl monomer are 
selected such that the refractive index of the core polymer will be within about ±0.2 units, preferably about 
±0.06 units, more preferably about ±0.05 units, and still more preferably about ±0.03, of the refractive index 

20 of the matrix polymer. However, as an exact match between the refractive indices of the core polymer and 
matrix polymer undesirably will produce an almost completely transpartent composition, the refractive index 
of the core polymer is preferably chosen to be no closer than about ±0.003 refractive index units to that of 
the matrix polymer. 

Crosslinking monomers suitable for use as the crosslinker in the core polymer are well known to those 
25 skilled in the art. and are generally monomers copolymerizabie with the other core monomers and having 
polyethylenic unsaturation in which the ethylenically unsaturated groups have approximately equal reactiv- 
ity, as for example divinylbenzene, glycol di-and trimethacrytates and acrylates and triol triacrylates and 
methacrylates. The preferred crosslinking monomers are butylene glycol diacrylates. If crosslinking mon- 
omer is employed, it is preferably used at levels of from about 0.05 to about 5%, more preferably from 
30 about 0.1 to about 1%, based on the total core monomer weight. Graftlinking monomers suitable for use as 
the graftlinker in the core polymer are also well known, and generally are polyethylenically unsaturated 
monomers copolymerizabie with the other core monomers and having sufficiently low reactivity of the 
unsaturated groups to allow significant residual unsaturation to remain in the core polymer subsequent to its 
polymerization, as for example allyl methacrylate, diallyl maleate and ally) acryloxypropionate. The preferred 
as graftlinking monomer is allyl methacrylate. If a graftlinking monomer is employed, it is preferably used at 
levels from about 0.1 to about 5%, more preferably about 0.5 to about 2.5%, based on the total weight of 
the core monomers. 

Alternatively, the core polymer may be crosslinked and the core polymer may be graftlinked to the shell 
polymer using other techniques known to those skilled in the art, as for example by post-cure reactions. 

40 Such a post-cure reaction may be seen when a copolymer is formed from a monomer having apendant 
peroxide group, which is then activated by heating to a temperature higher than that used in the 
polymerization. The activated peroxide group will promote graftlinking and crosslinking of the core/shell 
polymer components. In another example, a second free-radical initiator may be added to the polymeriza- 
tion; this second initiator is selected to be stable at the initial polymerization temperature, but to be 

45 activated by light or a higher temperature subsequent to the initial polymerization. 

The core polymer may contain residual oligomeric material used in the polymerization process to swell 
the polymer particles but such ologomeric material has a high enough molecular weight to prevent its 
diffusion or being extracted during processing or use, and is present at such a low concentration that it has 
little or no effect upon mechanical properties of the core, the core/shell polymer, or the light-scattering 

so composition. 

Surrounding the core of the particles are one or more shells of polymer, the outer shell being a polymer 
compatible with the matrix polymer, i.e. the polymer itself is capable of forming a homogeneous blend with 
the matrix polymer. The outermost shell is preferably a polymer of an alkyl methacrylate, vinyl arene, vinyl 
carboxylate, alkyl acrylate or a copolymer thereof. For example, a shell of poly(methyl methacrylate) will be 
55 compatible with a matrix polymer of poly(methyl methacrylate), or polyvinyl chloride). The shell polymer 
may be compatible with the matrix polymer as a result of chemical similarity, as in the above example of 
methyl methacrylate polymers for the shell and the matrix polymer, or it may be determined empirically to 
be compatible, as in a shell of styrene copolymerized with about 30%, based on total shell monomer 
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taught by Ugelstad, US-A-4 ,186,120. 

The finished core/shell polymer may be isolated from the emulsion in which it is prepared using 
conventional techniques such as spray-drying, coagulation and the like. They may also be mixed with the 
matrix polymer by co-isolation in a devolatilizing extruder, as taught by Bortnick in US-A-3,751 ,527. 

s The matrix polymers useful in the present invention are preferably clear thermoplastic polymers that do 
not crystallize under processing or use conditions, i.e., that have a glass transition temperature higher than 
about 50 C C, and thus are amorphous following incorporation of the particulate polymer composition of the 
present invention, and that remain amorphous following processing to form the light-scattering composition 
of the present invention or light-scattering articles made from the sheet. These matrix polymers typically 

70 have an elastic modulus of about 1400 to about 3500 MegaPascals (MPa). and may be formed into shaped 
articles by molding, casting, extrusion or other processes apparent to those skilled in the art Examples of 
such matrix polymers include homopolymers of methyl methacrylate, styrene, vinyl chloride and the like, 
imidized polymers of methyl methacrylate known as polyglutarimides. and copolymers of methyl 
methacrylate with alkyl acrylates, styrene with up to 40% acrylonitrile, styrene with methyl methacrylate, 

75 alpha-methylstyrene with methyl methacrylate and/or alkyl acrylates and vinyl chloride with vinyl acetate 
and/or propylene; the alky group of the alkyl acrylates containing 1 to 8 carbon atoms. Also suitable are 
cellulose acetate butyrate and certain amorphous condensation polymers such as poly(ethylene tereph- 
thalate) and poly(cyclohexanedimethanol terephthalate). Preferred matrix polymers are copolymers of 
methyl methacrylate with from about 1 to about 15% alkyl acrylates wherein the alkyl contains from 1 to 8 

20 carbon atoms. 

Softer matrix polymers, including polymers capable of plasticization, may also be used, such as poly- 
vinyl acetate), piasticized vinyl chloride homo-and copolymers, plasticized cetlulosic esters and the like. 

The core/shell polymer of the present invention is incorporated into the matrix polymers preferably by 
melt blending although other techniques known to those skilled in the art may be employed. For instance, 
25 they may be introduced dry into the monomers of the matrix polymer prior to their polymerization. Other 
conventional additives, such as ultraviolet-light stabilizers, soluble flame retardants, dyes, thermal 
stablilizers, and the like may also be present in the blend of core/shell polymer and matrix polymer. 

The level of core/shell polymer present in the matrix polymer will depend upon the optical effect 
desired, the thickness of the final fabricated article, the core/shell particle size and the difference in 
30 refractive index between the particle core and the matrix polymer. A practical useful range for the core/shell 
polymer is from about 0.1 to about 10% of the total polymer weight although useful effects may be 
achieved at levels above and below this range. 

Conventional impact-strength modifiers may also be incorporated into the blend of the core/shell 
polymer of the present invention and matrix polymer. Such impact-strength modifiers must be chosen to 
35 give a clear, non-light-scattering blend with the matrix polymer alone. Examples of such modifiers for poly- 
(methyl methacrylate) are given by Owens, US-A-3.793,402, and for poly(vinyl chloride) by Myers et a!., 
US-A-3,971 ,835 and Amagi et al., US-A-3,671,610. It should be noted that the core/shell polymer particles of 
the present invention do not significantly degrade, and may in some cases actually improve, the impact 
strength of the core/shell polymer-matrix polymer blend, unlike inorganic particles and hard, crosslinked 
40 polymer particles that have been used as light-scattering agents in the prior art. 

The following examples are intended to illustrate the present invention and not to limit it, except as It is 
limited in the claims. All ratios and percentages are by weight, unless otherwise noted, and all reagents are 
of good commercial quality unless otherwise noted. 

45 
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Example 1 

This example illustrates preparation of 0.3 um-diameter particles of butyl acrylate-styrene copolymer by 



emulsion polymerization. The following aqueous mixtures were prepared: 

5 

Mixture 



Component Parts by Weight 



Water 



162 



° Potassium Carbonate 0.12 



3 l^utyi Aery late 

75 Styrene 



66 
15 
19 



20 



n-octyl irercaptan 
10% aqueous sodium 
dedecy xbenzene sulfonate 5 . 3 

V7ater 



Potassium Persulfate 0.014 



25 1.4 

tvciter 



D Potassium Persulfate 

30 Kater 



0.G55 
8.3 



35 



A reactor equipped with a stirrer and condenser and blanketed with nrtrogen ™f^^*g?> 
A and heated to 87"C. To the stirred reactor contents were added 7% of IMun B and a., ofM«tur ^the 
reactor contents were stirred for 30 minutes, after which the remam.ng Mixture B and Motors C .were 
a*M with stirring, over a period of 90 minutes. The reactor contents were ma.nta.ned at) B7-C ^wrth stmng 
f^r 50 mmutes. i which the resulting emulsion was cooled to room temperature. The butyl acrylate- 
styrene particles were 0.3um in diameter, as measured by Nanosizer. 



EXAMPLE 2 



45 



This example illustrates growing 2 urn-diameter particles of uniform size from the 0.3 urn-diameter 
partes 2TE2£ TH - emuision of butyl acry.ate with butylene glyco. diacrytete oros^mRmg 
monomer and allyl methacrylate graftlinking monomer. The following aqueous m.xtures were prepared. 
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Mixture Component Parts by Weight 



s A Butyl Acrylate 98 

Butylene Glycol Liacrylate 0.50 

Allyl Methacrylate 2.0 

70 Benzoyl Peroxide ■ 0.80 

B Magnesium p— Nitrosophenolate 0.C11 

Water 226 

75 

10% aqueous Sodium Dodecyi- 

benzenesulf onate 2.1 

20 C The pclyrcer emulsion of Ex. 1 1.5 



Mixture A was blended with Mixture B in a Waring Blender tor 3 minutes to form an emulsion. This 
emulsion was charged to a pressure reactor with Mixture C, and the reactor contents were stirred under a 
nitrogen blanket for 1 hour. The reactor was sealed, shaken in a water bath at 68° C for 3 hours, and cooled 
25 to room temperature. The polymer particles from the reaction mixture, when examined by optical micro- 
scopy, were uniformly sized and about 2 urn in diameter. 



EXAMPLE 3 

30 

This example illustrates growing 5 urn-diameter particles from the 2um particles of Example 2. The 
procedure of Example 2 was repeated, except that Mixture C was 23 parts by weight of the particle 
dispersion produced in Example 2. The resulting particles had a diameter of approximately 5 um. 

35 

EXAMPLE 4 

This example illustrates polymerizing an outer shell of methyl methacrylate and ethyl acrylate onto the 
particles of Examples 3, to finish the core/shell polymer particles of the present invention. The following 
40 aqueous mixtures were prepared: 
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10 



Mixture Component Parts by Weight 

A Particle dispersion 

from Ex. 3 1348 

B Methyl tee thacry late 96 

Ethyl Acryl&te 4.0 



C 3% aqueous Sodium 

75 Formaldehyde Suifoxylate 10 

10% aqueous Sodium 
- Dociecy ibenzenesulf onate 1.5 
20 Water 5 3 

D t-Eutyl Hydroperoxide 0.45 

Water 14 

Mixture A was weighed into a reactor equipped with a stirrer and condenser and blanketed with 
nitrogen. The reactor contents were heated to 65°C and stirred under the nitrogen blanket Mixture B f C and 
D were separately added to the reactor over a period of 90 minutes. The temperature was maintained at 
65°C, and stirring was continued, for 30 minutes, after which the reactor contents were cooled to room 
30 temperature. The resulting particles were about 5 um in diameter, with less than about 20% of the number 
of particles between 2 and 4 um and a very small number of particles were below 0.5um. 
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EXMAPLE 5 

This example illustrates preparation of a different emulsion polymer for use in preparing the core/shell 
particles of the present invention. The following mixtures were prepared: 

5 

Mixture Component P c.r t s by we.iaht 



10 



Water 208 
Sodium Carbonate 0,38 



E Butyl Aery late SS 

75 Butylene Glycol 

Diacrylate 0.25 

Aliyl Methacrylate 2.0 
20 10% aqueous Sodiuir. 

Dodecylbenzenesulf onate 4 . 0 

Water 4 0 

25 

C Potassium Persulfate 0.063 

Water 35 

3o A reactor equipped with stirrer and condenser and blanketed with nitrogen was charged with Mixture A 
and heated to 82°C. To the reactor contents was added 15% of Mixture B and 25% of Mixture C. The 
temperature was maintained at 82°C and the mixture was stirred for 1 hour, after which the remaining 
Mixture B and Mixture C were added to the reactor, with stirring over a period of 90 minutes. Stirring was 
continued at 82'C for 2 hours, after which the reactor contents were cooled to room temperature. The 
particle size in the resulting emulsion particles was 02um t as measured by Nanosizer. 

35 
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EXAMPLE 6 



5 



In this example the particles in the emulsion of Example 5 are grown to 0.5 um diameter using an 
emulsion of butyl acrylate and styrene. The following mixtures were prepared: 

Mixture Component Parts by Weight 



70 



A . Water 185 

Sodium Carbonate 0.081 
Polymer Emulsion from 

Example 5 35 

75 

B " Butyl Acrylate 82 

Styrene 18 
20 10% aqueous Sodium 

Dcdecylbenzenesulf onate 2.5 

Water 32 

C 1-Eexanethiol 19 

10% aqueous Sodium 

Dcdecylbenzenesulf onate 2 . 8 

so Water 11 



Potassium Persulfate 0.11 

Water 18 

t-Eutyl Hydroperoxide 0.18 

Water 3 . 7 



35 



40 



p 3% aqueous Sodium 

Formaldehyde Sulfoxylate 4.1 

45 

Mixture A was added to the reactor of Example 5 and heated to 88°C with stirring. Mixtures B t C and D 
were added, with stirring, to the reactor over a period of 3 hours, after which the temperature was 
maintained at 88°C, with stirring, for 90 minutes. The reactor contents were cooled to 65°C, Mixtures E and 
F were added, and the reactor contents were maintained at 65°C, with stirring, for 1 hour, after which the 
so reactor contents were cooled to room temperature. The resulting emulsion polymer particles had a diameter 
of 0.5 urn as measured by Nanosizer. 
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EXAMPLE 7 

This example illustrates growing 5 am diameter particles from the 0.5 urn particles of Example 6 using 
an emulsion of butyl acrylate containing butylene glycol diacrylate crosslinker and allyl methacrylate 
s graftlinker. In this example the procedure of Example 2 was repeated, except that 0.34 parts of the 0.5 urn 
diameter particle emulsion from Example 6 was used as Mixture C. The resulting polymer particles had a 
narrow particle size distribution and an average particle diameter of about 5 urn, as determined by optical 
microscopy. 

10 

EXAMPLE 8 

This example illustrates polymerization of the outer shell onto the particles prepared in Example 7. to 
complete preparation of the second core/shell polymer particles of the present invention. The procedure of 
75 Example 4 was repeated, using the 5 um particle dispersion prepared in Example 7 as Mixture A. The 
resulting particles had a narrow particle size distribution and particle size diameter of about 5 um, as 
determined by optical microscopy. 



20 EXAMPLE 9 

This example illustrates preparation of a light-scattering polymer composition using the core/shell 
polymer particles of the present invention prepared in Example 8. The core/shell particles were isolated 
from the aqueous dispersion by coagulation with aqueous calcium hypophosphite coagulant, and 2 parts by 

25 weight of the particles were melt-blended with 98 parts by weight of poly (methyl methacrylate) having a 
weight-average molecular weight of about 120,000, at 232°C. The blended polymer was compression 
molded at 204°C into 12.7-cm-square plaques, and were evaluated for optical properties at room tempera- 
ture. A goniophotometer was used to determine the intensity of light transmitted through the sample plaque 
at different angles; the sum of light transmitted at all angles is expressed as total luminous transmittance. 

30 The haze was determined using a HunterLab colorimeter. Hiding power is calculated by the following: 

Hiding Power = 1 [2] 
XLO] 

35 where I [0] is the transmitted light intensity at an angle of 0°, and l[2] is the transmitted light intensity at an 
angle of 2°. 



EXAMPLES 10-32 

40 

These examples illustrate the effect upon the optical properties of poly(methyl methacrylate) when it is 
blended with various concentrations of coreshell polymer particles of the present invention having different 
refractive indices and particle sizes. The desired refractive index of the inner stage (or core) polymer was 
achieved by copotymerizing butyl acrylate with appropriate amounts of styrene. Polymer particles larger 

45 than 5 um were prepared by using the procedures of Example 3 except that Mixture C was an appropriate 
amount of 5-um particle dispersion obtained from Example 3. Polymer particles smaller than 2 um were 
prepared by using the procedures of Example 5 except that, depending upon the desirable final particle 
size, different amounts of sodium dodecylbenzenesulfonate and initial charge of Mixture B were used. The 
outer stage polymerizations were carried out using the procedures of Examples 4 and 8. All polymer 

50 particles had the same core/shell ratio of 80/20. 

The results of optical property testing of these particles are shown in Table II. 
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TABLE la 

Properties of Blonds of PMKA and Polymer Particles 

10 

Polymer Particles 



15 

Apprcx. ^5 

20 





Example 


Thickness 


Inner 


Outer 




25 


No. 




Stage 


Stage 


Size 






mil 


Polymer 


Polymer 




30 


10 


40 


1.463 


PMMA 


9 




11 


It 


it 


it 


8 




12 


17 


t; 


tt 


?i 


35 


13 


ft 


n 


n 


r. 
—> 




14 


tl 


1 .522 


n 


ti 




15 


II 


1.463 


n 


it 


40 


16 


II 


tl 


it 


«-» 




17 


It 


1! 


it 


Ii 




18 


n 


II 


tl 


0.4 




19 


ii 


It 


ft 


n 


45 


20 


it 


tt 


n 


0.1 




21 


ii 


II 


•i 


n 




22 


80 


II 


it 


9 


SO 


23 


II 


II 


ii 


8 




24 


II 


1! 


it 


tl 




25 


It 


II 


it 
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5 



70 



75 



20 





26 


II 


1.522 


it 


n 


25 


27 


It 


1.463 


n 


2 




26 


tl 


II 


n 


it 




2? 


II 


II 


n 


C.4 


30 


30 
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TABLE lb 

Optical Properties of Blends cf PKK& anc Polymer 

Particles 
Total 



Luminous 



Example 


Cone ' n 


Trans . 


Hiding 


Ease 


No. 


Wt. % 


% 


Power 


% 


10 


9.0 


93 


1.0 


97 


11 


5.C 


93 


C.55 


96 


12 


9.0 


93 


0.58 


98 


13 


5. a 


93 


C.97 


98 


14 


5.0 


93 


0.97 


96 


15 


9.0 


92 


1.0 


98 


16 


5.0 


92 


0.57 


97 


17 


9.0 


90 


0.63 


98 


18 


5.0 


SO 


0.029 


64 


19 


9.0 


69 


0.0040 


84 


20 


5.0 


85 


0.0045 


10 


21 


9.0 


79 


0.0029 


24 


22 


9.0 


51 


1.0 


98 


23 


5.0 


92 


1.0 


98 


24 


9.0 


51 


1.0 


98 


25 


5.0 


91 


1.0 


98 


26 


5.0 


51 


1.0 


98 


27 


5.0 


87 


0.83 


98 


28 


9.0 


77 


1.0 


99 


29 


5.C 


68 


0.051 


83 


30 


9.0 


61 


0.044 


88 


31 


5.0 


82 


0.0049 


15 


32 


9.0 


72 


0.CC34 


28 
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EXAMPLES 33-89 



70 



These examples illustrate the use of core/shell polymer particles of the present invention with different 
matrix polymers having different refractive indices. Because the refractive indices of the core polymers 
prepared in Examples 3 and 7 were adjusted to be suitable for poly(methyl methacrylate), the core/shell 
polymers of Examples 4 and 8 were unsuitable for most of these matrix polymers. Using the procedures of 
Examples 1-4 or 5-8, core/shell polymer particles of the present invention were prepared by adjusting the 
butyl acrylate/styrene ratio to achieve the refractive index appropriate to the matrix polymer. All polymer 
particles had the same core/shell ratio of 80/20. The resulting core/shell polymers were blended with the 
matrix polymers to produce light-scattering polymer compositions of the present invention. Table II shows 
the properties and processing conditions of the matrix polymers, and Tables lll-VII show the properties of 
the matrix polymer-core/shell polymer blends of the present invention. Each blend was milled for 3 - 5 
minutes. 



Table II 



Milling/ 

Molding 

Temp 



Retra- 
ctive 



Matrix 



Trade Name 



Supplier 



(°C) 



Index 



FMMA 



Plexiglas 
V-920 



Rohm and Haas 



450 



1.49 



PS 



Styron 6G6U Dcv: Cheir.. Co. 



400 (204) 1.59 



PC 



Merlon M-39 Mobay Chem. Co, 



480 (219) 1.585 



PVC 



Cxyblend 
iblJ 



Occidental 
Chem, Corp. 



340 (171) 3.54 



PVAc 



Polvscienccs 



320 (160) 1.467 



P (MMA/aMS) 



Rchm and Haas Co. 410 (210) 1.52 



a Contains stabilizers and processing aid in formulation; no impact modifier or plasticizer. Refractive 
so index given is for PVC homopolymer. 

height-average molecular weight is 500,000. 
c Methyl methacrylate/algha-methylstyrene/ethyl acrylate. 
73.5/24.5/2; Wt-Avg. MW = 115,000. 

The following examples illustrate poiymer compositions of the present invention prepared by blending 
ss different matrix polymers with the light-scattering particles of the present invention. As the tables indicate, 
the 5-m particles diffuse light better than the smaller particles, which show a decrease in either total 
luminous transmittance or hiding power. These examples illustrate that blends of the particles of this 
invention with polystyrene, polycarbonate, polyvinyl chloride), poly (vinyl acetate) and poly<methyl 
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lethacrvlateco- alpha- methylstyrene) are effective light diffusers with good light transmittance. 



Table Ilia 



Optical Properties of Blends of 
Polystyrene (PS) and Polymer Particles 



Polymer Particles 



Approx , 



N 



25 



E::ample 
No. 

33 
34 
35 
36 
37 
38 
39 
40 



Thick- 
ness , % 
mil 



80 

II 



Inner 
Stage 
Polymer 



1.560 

1! 

fJ 



1.560 



Outer 
Stage 
Polymer 



PS 



PS 



Size 
M 



5 
2 



5 
2 



Cone . 
Wt. 3 

0 

5.0 

II 

:c 
c 

5.C 
it 

10 
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Table I I lb 
Optical Properties of Blends cf 
Polystvrer/e (PS) and Polymer Particles 

Optical Properties 

Total 





Luminous 






Example 


!Trsnsmittance , 


Hiding 


Haze 


Kg. 


% 


Power 


% 


3 3 


92 


U.GG38 


7.5 


34 


91 


: .0 


97 


35 


89 


0.11 


95 


36 


78 


0.96 


98 


3? 


90 


0.0C26 


9.6 


38 


84 


1.0 


98 


39 


85 


0.60 


98 


4C 


78 


0.96 


99 
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Table IVa 

Optical Properties of Blercs c f Polycarbonate . 

Particles 



Polymer Particles 
Apprcx . 

Thick- 



N 25 



inner - Outer 



sample ness, Stage Stage 

No . mil . Polymer Pclyir.e: 



u 
V 
II 
it 



41 40 
42 
43 
44 
45 
46 

47 80 

48 

49 

50 

51 

52 



1/560 PfcHA 



n 
n 



1.560 PMMA 

II « 



ii 
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TABLES VIb 





Optical Properties 








Total 








Luminous 






Example 


Transmittance , 


Hiding 


- Haz< 


Ko. 


% 


Power 


% 


41 


90 


C.0048 


6.5 


42 


87 


0.91 


96 


43 


82 


l.G 


57 


44 


76 


1.0 


98 


45 


77 


0 . 77 


98 


46 


69 


i.O 


95 


47 


9C 


0.CC73 


7.6 


48 


81 


0.97 


98 


49 




1.0 


55 


50 


65 


1.0 


59 


51 


67 


i.O 


99 


52 


57 


1.0 


99 
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Example 
No. 

53 

54 

55 

56 

57 

58 

59 

60 

61 



TABLE Va 
Primer Particles 



Approx . 

Thick- 
ness , 
mil 

40 



n 

80 
n 



Polymer 



Particles 



25 



Inner Outer 
Stage Stage 
polymer Polymer 



1.515 



n 
it 

n 



1.515 



PMMA 



Size 
M 

5 

n 



PMMA 



Ti 
II 



Cone. 
Wt.% 

5.0 
10 
5.0 
10 

0 

5.0 
10 
5.C 
10 
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TABLE Vb 

Optical Properties of Blends of rcl^'Vjnyl Chloride) (PVC) 

and Polymer Particles 

Optical Properties 

Total 
Luminous 

Example Transmittance , Hiding Haze 

lio. I Power % 



53 C.S6 S8 

54 72 : .C 98 

55 70 £.89 97 

56 66 i.o 98 

57 75 C.CC35 7.5 

58 66 1.0 S8 

59 59 1.0 99 

60 52 0.S3 98 

61 47 l.o 99 
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TABLE Via 



-H— Pl - dS ° f P ° X: 

aT ,d Polvrp" 1 - Particles 



( invj ggetatej (PVAc) 



Example 
No. 

62 

63 

64 

05 

66 

07 

68 

69 

70 

71 

72 

73 

74 

75 



Approx . 

Thick- 
ness , 
mil 

40 



It 

11 



80 



M 
II 



N 25 
D 

Inner 
Stage 
Polymer 



1.500 
1.491 
1.500 
1.491 
1.500 



.500 
.491 
.500 
.491 

.500 



Outer 
Stage 
Polymer 



PVAc 

PMMA 

PVAc 

PMMA 

PVAc 



PVAC 

PMMA 

PVAc 

PMMA 

PVAc 



Site 
M 



5 

n 



n 
n 



Cone, 
wt. % 

0 

5.0 
ii 

10 

n 

5.0 

- 10 
0 

5.0 

n 

10 

i: 

E .0 5 
10 
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TABLE VI b 

i 





Properties of Blends of ?olv ^vin* 1 '-re- = 


" > (PVAc) 






ctnd Polymer Particles 








Optical Prrrf rtie<? 








Total 








Luminous 






Exarple 


Transmittance , 


Hz. ding 


Ha 21 


No . 




^ -vrer 


% 


62 


92 


- . UU4D 


J • / 


63 


51 


..So 


98 


C4 


i C 


: . c 


98 


65 


39 


: . o 


99 


66 


26 


: -.o 


98 


6-/ 


cS 


.19 


98 


68 


38 


: .75 


97 


69 


88 


. .0038 


5.5 


7C 


£7 


*\ 


99 


71 


85 


n 


98 


72 


81 


: . o 


98 


73 


74 




99 


7 4 


7 9 


: .95 


98 


75 


75 


1 . 0 


99 
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TABLE Vila 
and Polymer Particles 



r::air.ple 
No. 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 



Approx. 

Thick- 
ness, 
mil 

4C 

n 
it 

80 



II 
It 
II 
II 



25 

N 

D 

Inner 
Stage 
Pclyiuer 



1.463 _ 



1.463 
it 

ti 

1.490 

II 

1.500 
1.490 



Outer 
Stage 
Pclyir.er 



PMMA 



PMMA 



ii 
it 
it 



Size 

r. 



p (I!KA/ aKS) 



Cone . 

v;t . % 

0 

0.30 
0.5G 

0.70 

C 

0.30 

0.50 

0.70 

1.50 

3.0 

1.50 

3.0 

1.5 

3.0 
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TABLE VI lb 

Pp3 v (Methyl Methacry.T a te-cc-axpha-Ke thy lstyrene) 
and Pol ymer Particles 
Optical Prcperites 

Total 

Luminous 
Example Transmittance, 
He. r a 



76 


92 


C.GG44 


6.5 


'7 


90 


0.076 


59 


78 


9C 


c . ZO 


85 


79 


90 


0.32 


86 


80 


91 


c . cuts 


9.5 


81 


88 


0.13 


77 


82 


86 


0.81 


95 


£3 


86 


0.89 


96 


£4 


£2 


C. b5 , 


S7 


85 


78 


1.0 


98 


86 


78 


G . / o 


£4 


87 


58 


C. EC 


c.c 


88 


63 


0.24 


99 


89 


56 


0.97 


100 



Claims 

45 

1. A particulate polymer composition suitable for incorporating into a thermoplastic polymer matrix to 
form a light-diffusing polymer composition, comprises particles of core/shell polymer having an average 
diameter of from 2 to 15 urn, a particle size distribution such that at least 90% by weight of the particles fall 
within t20% of the average particle diameter, a core of rubbery alky I aery late polymer, the alky I group 

50 having from 2 to 8 carbon atoms, copolymerised with 0 or upto 5% crossiinker and 0 or upto 5% graftiinker 
(based on the total weight of the core) and having a refractive index <n ) within 0.2 units of. but 
preferably no closer than ±0.003 to, the refractive index of the matrix polymer, and one or more polymer 
shells, the outer most of which is compatible with the matrix polymer, which shells comprise from 5 to 40% 
of the weight of the particles. 

55 2. The particulate polymer composition as claimed in Claim 1, wherein the rubbery alkyl acrylate 
polymer is a copolymer of alkyl acrylate and upto 50% of one or more copolymerizable vinyl monomers, 
preferably being a monovinyl monomer. 



Hiding Haze 
Power * 
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TO 



15 



20 



25 



3 The potaM. POt»m« composition « » <**» 2 ' "■»'"•' TZZnS 

T Tfc, prtcw, polyn* cordon „ oWm.d In Cleim 2 « Claim 3. «twrt. ». or one of M. 
^C^rSC-pSenro^d ,n en, one o, *e prcOn, c*m». M - *>• 
^TT^SeT^^p.-x, « olelmed in en, on. 0, t. ^t^S.'" 

ln 8 ^n n g te m partic.es of the particu.ate composition produced in A), or if appropriate the partic.es of 
^V^Z^r^Loruer within the particles untii a» of the monomers have been 

-re poiymer partic.es of B2. or If appropriate the parties of C2, in a second 
^T^^TL^L poiymer particies a poiymer she., from the monomer in the second 
SsSi and 02) being repeated as necessary with the same or a different aqueous monomer emuision to 

^X,:Zts"TSr^eTZ%o^er^ 0 , of step A) is conducted under conditions that 
' tormVe SiT. Ar sweliable oiigomer. preferabiy conditions including the presence of 

8 TCS^MSTm. Poiymeri^ons of step - 

conltions tS form a readiiy sweiiabie oiigomer from the swei.ing monomer, preferably condrtons .ncludmg 

TAtLSSg^Sc^^ ST-S S V£-*-e matr* poiymer 
and dis^^^^ from about 0,% to about 10% 

l5 ieight of particles of polymer as claimed in any one of Claims 1 to 6 or partcles made m accordance wrth 

- ZttSE?* 7 ™ 1 wherein the matrix poiymer is clear and preferabiy has a 

B ^?T"^SX ZZS^ C ™<« 11 or Cairn 12. wherein the matrix pjj- r*a 
so homopol^er "5 po.ytmethy.mlacry.ate). po.y(styrene), polyvinyl chloride). po.y(ce..u.ose acetate 

butvlate), poly(ethylene terephthalate) or poly(glutarimides). a rnnnivmer 

U The Em-diffusing composition of Claim 11 or Claim 12. where* the matnx polymer -aaipolymer 

of poJ(memyf m*maJL~~* acrylate) wherein the alky, group contams 1 J8« 8 ' 

pory(iyrene-co-acrylonitrile) wherein acrylonitrile polymer compnses up to 40% of the copolymer. 
55 po!y(styrene-comethyl methacrylate), 

^^S:"C"'n „ *W 9W con*n, ,»3« M ««* 

chloride^co-vinyl acetate) and polyvinyl chloride-co-propy.ene). 
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Description 

This invention is concerned with light-diffusing polymers and to light-scattering thermoplastic composi- 
tions. It further relates to particulate polymeric additives useful in making such compositions and the 
process for making such additives. 

Light-diffusing polymers are "semi-transparent" or translucent to visible light, that is, they scatter 
transmitted light, preferably without significantly reducing its intensity. They may be clear or colored, and 
may be incorporated into clear or colored thermoplastic polymer matrices to form light-scattering thermo- 
plastic compositions which may be formed into sheets or films of various thicknesses, or into more complex 
shapes. Such compositions find use as luminaires, rear projection screens for television or film viewing, 
decoration, and many related applications. 

Early light diffusers were made from glass, typically by surface treatment such as grinding or etching. 
Polymeric light-scatterers initially used similar processes, or incorporated finely ground inorganic particles, 
such as titanium dioxide, barium sulfate and silica, into the polymer matrix. Such particles were difficult to 
disperse evenly, they reduced the light transmission of the polymer unacceptably, and, because they were 
usually hard, irregular, ground particles, they tended to abrade the processing equipment. They were also 
difficult to obtain in reasonably uniform particle-size distributions. 

Glass microspheres solved some of the problems associated with other inorganic particles; they were 
less abrasive because they were spheres, and they allowed greater light transmission. But they were still 
generally non-uniform in size, and they shared a tendency with the other inorganic light diffusers to reduce 
the physical strength of the polymer. 

Light-diffusing polymer particles have also been used to introduce light-scattering properties into 
transparent matrix polymers. Land, US-A-4,165,153, teaches incorporating polymer particles having a 
refractive index preferably at least 0.1 units below that of the matrix polymer. Lang, US-A-3,992,486, 
teaches the use of opaque, porous, crosslinked polymer particles smaller than about 30um, formed by 
endopolymerization and having a refractive index preferably above that of the matrix polymer, as an 
opacifier, flatting agent and pigment as well as a light-diffusing agent. Krieg et al., US-A-3,883,617, teaches 
precipitating styrene particles within a monomer system during polymerization, and subsequently thermally 
crosslinking these particles to form light diffusers. As only styrene is taught, no flexibility exists in selecting 
the refractive tndex of the particles with respect to the matrix polymer. Kishida et al., in Japanese 59-38252, 
teach suspension-polymerized particles of 10 to 500um diameter as light-diffusing particles. 
Ryan in US-A-3562235 teaches multi-stage emulsion polymers prepared by conventional emulsion technol- 
ogy but fails to disclose or suggest measure to obtain the particle size and particle size distribution of the 
present invention. 

Each of the prior art light-diffusing particles suffers from one or more of the following problems: poor 
particle-size uniformity, inflexibility of refractive-index choice, poor adhesion of the particle to the matrix 
polymer with accompanying degradation of matrix-polymer physical strength, and degradation of light 
transmission in the matrix polymer. Accordingly, it is an object of the present invention to produce a 
polymer particle having light-diffusing properties and which is capable of reducing one or more of the above 
problems. Other objects of the invention will be apparent from the following. 

In accordance with one aspect of the present invention we provide a novel, particulate, light-diffusing 
polymer composition which is suitable for incorporation into a thermoplastic matrix polymer to prepare a 
light-scattering thermoplastic composition, and in a second aspect of the present invention we provide the 
light-scattering compositions so prepared, such light-scattering compositions are especially useful for rear- 
projection television screens, luminaires, decorations and related uses for a strong, light-scattering composi- 
tion. In a third aspect of the present invention, we provide a process for making the novel particulate 
polymer composition. 

The particulate polymer composition comprises particles of core/shell polymer having an average 
diameter of from about 2 to about 15 urn, a particle size distribution such that at least 90% by weight of the 
particles fall within ±20% of the average particle diameter, a core of rubbery alkyl acrylate polymer, the 
alkyl group having from 2 to 8 carbon atoms, the core containing from 0 to 50% copolymerizable vinyl 
monomer, 0 to about 5% crosslinker and 0 to about 5% graftlinker (based on the total weight of the core) 
and having a refractive index (no 25 ) within about ±0.2 of units, preferably ±0.06 units of, more preferably 
±0.05 units of, and even more preferably about ±0.03 units of, but preferably no closer than about ±0.003 to, 
the regractive index of the matrix polymer, and one or more polymer shells, the outermost of which is 
compatible with the matrix polymer, which shells comprise from 5 to 40% of the weight of the particles. 

The light-scattering thermoplastic composition comprises a thermoplastic matrix polymer and from 
about 0.1 to about 10% of the particulate polymer composition wherein the outer shell of polymer is 
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compatible with the thermoplastic polymer and wherein the refractive index of the core is within ±0.06 units, 
preferably about ±0.05 units, and more preferably about ±0.03 units of, but no closer than about ±0.003 to, 
the refractive index of the thermosplastic polymer. 

The particulate polymer of the present invention comprises individual particles with a diameter from 

s about 2 to about 15 urn, preferably from about 5 to about 10 urn, and a narrow particle-size distribution. 
The particle size distribution is such that at least 90% by weight of the particles fall within ±20% of the 
average diameter of the particles; it is understood that the term "particle size distribution " used herein 
refers to the size range of at least 90% by weight of the particles. The particles have a core of rubbery alkyl 
acrylate polymer, the alkyl group having from 2 to 8 carbon atoms, copolymerized with from 0 to about 5% 

io crosslinking monomer, from 0 to about 5% graftlinking monomer, and from 0 to about 50% other 
copolymerizable vinyl monomer. The preferred alkyl acrylate is butyl acrylate, and the preferred other 
copolymerizable vinyl monomer or monomers are more preferably monovinyl monomers, preferably 
selected from the group consisting of alkyl methacrylates and monovinyl arenes, and still more preferably 
styrene. Monovinyl arenes, as used herein, include such monoethylenically unsaturated aromatic monomers 

75 as styrene, alkylstyrenes such as methylstyrene and ethylstyrene, other substituted vinylbenzenes wherein 
the substituents do not interfere with polymerization, and similar vinyl polycyclic aromatic monomers. The 
indicated percentages are by weight (as are all proportions used herein unless otherwise indicated), and are 
percentages of the total core monomer. The alkyl acrylate and any copolymerizable vinyl monomer are 
selected such that the refractive index of the core polymer will be within about ±0.2 units, preferably about 

20 ±0.06 units, more preferably about ±0.05 units, and still more preferably about ±0.03, of the refractive index 
of the matrix polymer. However, as an exact match between the refractive indices of the core polymer and 
matrix polymer undesirably will produce an almost completely transpartent composition, the refractive index 
of the core polymer is preferably chosen to be. no closer than about ±0.003 refractive index units to that of 
the matrix polymer. 

25 Crosslinking monomers suitable for use as the crosslinker in the core polymer are well known to those 
skilled in the art, and are generally monomers copolymerizable with the other core monomers and having 
polyethylenic unsaturation in which the ethylenically unsaturated groups have approximately equal reactiv- 
ity, as for example divinylbenzene, glycol di- and trimethacrylates and acrylates and triol triacrylates and 
methacrylates. The preferred crosslinking monomers are butylene glycol diacrylates. If crosslinking mon- 

30 omer is employed, it is preferably used at levels of from about 0.05 to about 5%, more preferably from 
about 0.1 to about 1%, based on the total core monomer weight. Graftlinking monomers suitable for use as 
the graftlinker in the core polymer are also well known, and generally are polyethylenically unsaturated 
monomers copolymerizable with the other core monomers and having sufficiently low reactivity of the 
unsaturated groups to allow significant residual unsaturation to remain in the core polymer subsequent to its 

35 polymerization, as for example allyl methacrylate, diallyl maleate and allyl acryloxypropionate. The preferred 
graftlinking monomer is allyl methacrylate. If a graftlinking monomer is employed, it is preferably used at 
levels from about 0.1 to about 5%, more preferably about 0.5 to about 2.5%, based on the total weight of 
the core monomers. 

Alternatively, the core polymer may be crosslinked and the core polymer may be graftlinked to the shell 
ao polymer using other techniques known to those skilled in the art, as for example by post-cure reactions. 
Such a post-cure reaction may be seen when a copolymer is formed from a monomer having apendant 
peroxide group, which is then activated by heating to a temperature higher than that used in the 
polymerization. The activated peroxide group will promote graftlinking and crosslinking of the core/shell 
polymer components. In another example, a second free-radical initiator may be added to the polymeriza- 
45 tion; this second initiator is selected to be stable at the initial polymerization temperature, but to be 
activated by light or a higher temperature subsequent to the initial polymerization. 

The core polymer may contain residual oligomeric material used in the polymerization process to swell 
the polymer particles but such ologomeric material has a high enough molecular weight to prevent its 
diffusion or being extracted during processing or use, and is present at such a low concentration that it has 
so little or no effect upon mechanical properties of the core, the core/shell polymer, or the light-scattering 
composition. 

Surrounding the core of the particles are one or more shells of polymer, the outer shell being a polymer 
compatible with the matrix polymer, i.e. the polymer itself is capable of forming a homogeneous blend with 
the matrix polymer. The outermost shell is preferably a polymer of an alkyl methacrylate, vinyl arene, vinyl 
55 carboxylate, alkyl acrylate or a copolymer thereof. For example, a shell of poly(methyl methacrylate) will be 
compatible with a matrix polymer of poly(methyl methacrylate), or polyvinyl chloride). The shell polymer 
may be compatible with the matrix polymer as a result of chemical similarity, as in the above example of 
methyl methacrylate polymers for the shell and the matrix polymer, or it may be determined empirically to 
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be compatible, as in a shell of styrene copolymerized with about 30%, based on total shell monomer 
weight, of acrylonitrile; this shell is also compatible with a poly(methyl methacrylate) matrix polymer. Many 
such compatible polymer combinations for the shell and matrix polymers are known to those skilled in the 
art. and others may readily be determined by routine experimentation, as for example by preparing blends 
of proposed shell polymers and the matrix polymer and examining the blends for such evidence of 
compatibility as absence of haze, existence of a single glass transition temperature, and the like. 

The shell polymers comprise from about 5 to about 40%, preferably from about 15 to about 35%, of the 
total particle weight. 

The core/shell polymer particles useful in the present invention have an average particle diameter from 
about 2 and about 15um, preferably from about 5 to about 10um, and a narrow particle size distribution 
within any particular polymer composition, preferably within ±20% of the average particle diameter. If many 
particles much larger than the desired size are present in the light-scattering composition, the efficiency of 
diffusion is decreased and the polymer surface is less attractive, while if many undersized particles are 
present, backscattering increases and overall light transmission decreases. Such a narrow size distribution 
is readily obtained by conventional emulsion polymerization techniques, but the particles themselves tend 
to be smaller than 1um. Particles at the upper end of the desired size range may be made by conventional 
suspension polymerization techniques but the size distribution is unacceptably broad. Consequently, 
although other techniques for preparing particles having the particle size, size distribution and core-shell 
configuration are useful in the present invention, the preferred technique for making them involves preparing 
uniformly sized small particles by emulsion polymerizing at least one monomer component of the core 
polymer to form emulsion polymer particles, swelling the emulsion polymer particles with the same or one 
or more other monomer components of the core polymer, and polymerizing the monomer(s) within the 
emulsion polymer particles. The swelling and polymerizing steps may be repeated until the particles have 
grown to the desired core size. A preferred procedure for making the core involves emulsion polymerizing 
the initial emulsion polymer particles using conditions which restrict the molecular weight of the polymer 
that forms, such as by including chain-transfer moderators, e.g.. mercaptans, in the polymerization mixture, 
such that the resulting emulsion particles comprise an easily swellable oligomer. This process may be 
varied by preparing the initial emulsion polymer particles in the absence of such limiting of the polymer 
molecular weight, but subsequently conducting one or more of the swelling and polyermizing steps using 
the conditions which restrict the polymer molecular weight. In this variation the initial emulsion polymer 
particles do not swell as readily as subsequent, larger particles having a lower overall molecular weight. As 
in the preferred process above, at least the final polymerization is carried out under conditions which do not 
so limit the polymer molecular weight. 

A process for preparing a particulate polymer composition according to the invention, suitable for 
incorporating into a thermoplastic matrix polymer to form light-diffusing polymer compositions, comprises: 

(A) forming or selecting, as rubbery core polymer composition, an aqueous emulsion of copolymer of 
alkyl acrylate, the alkyl group having from 2 to 8 carbon atoms, with from 0 to 50% copolymerizable 
vinyl monomer, 0 to 5% crosslinker and 0 to 5% graftlinker (based on the total weight of the core 
copolymer) and the copolymer having a refractive index with ±0.2 units, preferably ±0.05, units of, but 
preferably no closer than ±0.003 units to, the refractive index of the thermoplastic matrix polymer, 

(B) 1 swelling the polymer particles of A, or if appropriate the particles of (B) 2, with one or more 
monomers and 

(B) 2 polymerising the swelling monomer within the particles until all of the monomer has been 
polymerised, 

steps (B)t and (B)2 being repeated, if necessary until at least 90% by weight of the particles of the 
particulate composition fall, in average particle diameter,- within ± 20% of a desired size which is 
preferably in the range 2 to 15 urn, and 

(C) 1 suspending the resulting polymer particles, or if appropriate the particles of (C)2, in a second 
aqueous monomer emulsion and 

(C)2 polymerising onto the polymer particles a polymer shell from the monomer in the emulsion of (C)t , 
steps (C)1 and (C)2 being repeated if necessary with the same or different monomer emulsion, to form 
one or more polymer shells, the outermost of which is compatible with the matrix polymer, which shells 
comprise from 5 to 40% of the weight of the particles, the particles having a size distribution such that at 
least 90% by weight thereof fall within ± 20% of the average particle diameter of from 2 to 15 urn. 
The shell or shells are polymerized onto the previously polymerized layers using conventional core/shell 
techniques such as those taught by Owens, US-A-3, 793, 902, to which reference may be made. 

The above process for growing larger particles from emulsion-sized particles retains much of the size 
uniformity of the original, emulsion particles, and is capable of increasing the size of the original, emulsion- 
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polymerized polymer by a factor of at least 10 and as much as 1000. A small amount of very small 
emulsion particles may be observed in the product of these processes, but such particles account for much 
less than 0.1% of the total particle weight, and do not adversely affect the optical properties of the light- 
scattering polymer. Related techniques for preparing uniformly sized particles in the desired size range are 

5 taught by Ugelstad, US-A-4,186,120. 

The finished core/shell polymer may be isolated from the emulsion in which it is prepared using 
conventional techniques such as spray-drying, coagulation and the like. They may also be mixed with the 
matrix polymer by co-isolation in a devolatilizing extruder, as taught by Bortnick in US-A-3,751,527. 

The matrix polymers useful in the present invention are preferably clear thermoplastic polymers that do 

10 not crystallize under processing or use conditions, i.e., that have a glass transition temperature higher than 
about 50 'C, and thus are amorphous following incorporation of the particulate polymer composition of the 
present invention, and that remain amorphous following processing to form the light-scattering composition 
of the present invention or light-scattering articles made from the sheet. These matrix polymers typically 
have an elastic modulus of about 1400 to about 3500 MegaPascals (MPa), and may be formed into shaped 

75 articles by molding, casting, extrusion or other processes apparent to those skilled in the art. Examples of 
such matrix polymers include homopolymers of methyl methacrylate, styrene, vinyl chloride and the like, 
imidized polymers of methyl methacrylate known as polyglutarimides, and copolymers of methyl 
methacrylate with alkyl acrylates. styrene with up to 40% acrylonitrile, styrene with methyl methacrylate, 
alpha-methylstyrene with methyl methacrylate and/or alkyl acrylates and vinyl chloride with vinyl acetate 

20 and/or propylene; the alkyl group of the alkyl acrylates containing 1 to 8 carbon atoms. Also suitable are 
poly(cellulose acetate butyrate) and certain amorphous condensation polymers such as poly (ethylene 
terephthalate) and poly(cyclohexanedimethanol terephthalate). Preferred matrix polymers are copolymers of 
methyl methacrylate with from about 1 to about 15% alkyl acrylates wherein the alkyl contains from 1 to 8 
carbon atoms. 

25 Softer matrix polymers, including polymers capable of plasticization, may also be used, such as poly- 
vinyl acetate), plasticized vinyl chloride homo-and copolymers, piasticized cellulosic esters and the like. 

The core/shell polymer of the present invention is incorporated into the matrix polymers preferably by 
melt blending although other techniques known to those skilled in the art may be employed. For instance, 
they may be introduced dry into the monomers of the matrix polymer prior to their polymerization. Other 

30 conventional additives, such as ultraviolet-light stabilizers, soluble flame retardants, dyes, thermal 
stablilizers, and the like may also be present in the blend of core/shell polymer and matrix polymer. 

The level of core/shell polymer present in the matrix polymer will depend upon the optical effect 
desired, the thickness of the final fabricated article, the core/shell particle size and the difference in 
refractive index between the particle core and the matrix polymer. A practical useful range for the core/shell 

35 polymer is from about 0.1 to about 10% of the total polymer weight, although useful effects may be 
achieved at levels above and below this range. 

Conventional impact-strength modifiers may also be incorporated into the blend of the core/shell 
polymer of the present invention and matrix polymer. Such impact-strength modifiers must be chosen to 
give a clear, non-light-scattering blend with the matrix polymer alone. Examples of such modifiers for poly- 

40 (methyl methacrylate) are given by Owens, US-A-3,793,402, and for polyvinyl chloride) by Myers et al., US- 
A-3,971 ,835 and Amagi et a)., US-A-3,671 ,610. It should be noted that the core/shell polymer particles of the 
present invention do not significantly degrade, and may in some cases actually improve, the impact 
strength of the core/shell polymer-matrix polymer blend, unlike inorganic particles and hard, crosslinked 
polymer particles that have been used as light-scattering agents in the prior art. 

45 The following examples are intended to illustrate the present invention. All ratios and percentages are 
by weight, unless otherwise noted, and all reagents are of good commercial quality unless otherwise noted. 

EXAMPLES 

so Example 1 

This example illustrates preparation of 0.3 um-diameter particles of butyl acrylate-styrene copolymer by 
emulsion polymerization. The following aqueous mixtures were prepared: 

55 
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Mixture Component Parts by Weight 

A Water 3 * 2 

Potassium Carbonate 0.12 

3 liutyi Acrylate 66 

Styrene 15* 

n-octyl ir^rcaptan 19 
1C% aqueous sodium 

15 cccecyibenzenesulfonate 5.3 

\;&ter 19 



70 



20 



25 



D 



Potassium Persulfate 0.014 
fcater 1 • 4 

Potassium Persulfate C.055 



Water 



8.3 



30 A reactor equipped with a stirrer and condenser and blanketed with nitrogen was charged with Mixture 
A and heated to 87* C. To the stirred reactor contents were added 7% of Mixture B and all of Mixture C; the 
reactor contents were stirred for 30 minutes, after which the remaining Mixture B and Mixture D were 
added, with stirring, over a period of 90 minutes. The reactor contents were maintained at 87 e C with stirring 
for 50 minutes, after which the resulting emulsion was cooled to room temperature. The butyl acrylate- 

35 styrene particles were 0.3um in diameter, as measured by Nanosizer. 

EXAMPLE 2 

This example illustrates growing 2 urn-diameter particles of uniform size from the 0.3 um-diameter 
40 particles of Example 1, using an emulsion of butyl acrylate with butylene glycol diacrylate crosslinking 
monomer and allyl methacrylate graftlinking monomer. The following aqueous mixtures were prepared: 



45 
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10 



30 



Mixture Component Parts by Weight 

A Butyl Aery late 98 

Butylene Glycol biacrylate 0.50 

Allyl Methacrylat* 2.0 

Benzoyl Peroxide 0.80 



B Magnesium p-Nitrosophenolate 0.C 

Water 226 
75 10% aqueous Sodium Dodecyl- 

benzenesulf onate 3.1 

20 c The polymer emulsion of Ex. 1 1.5 

Mixture A was blended with Mixture B in a Waring Blender for 3 minutes to form an emulsion. This 
emulsion was charged to a pressure reactor with Mixture C, and the reactor contents were stirred under a 
25 nitrogen blanket for 1 hour. The reactor was sealed, shaken in a water bath at 68° C for 3 hours, and cooled 
to room temperature. The polymer particles from the reaction mixture, when examined by optical micro- 
scopy, were uniformly sized and about 2 urn in diameter. 



EXAMPLE 3 

This example illustrates growing 5 urn-diameter particles from the 2um particles of Example 2. The 
procedure of Example 2 was repeated, except that Mixture C was 23 parts by weight of the particle 
dispersion produced in Example 2. The resulting particles had a diameter of approximately 5 urn. 

35 EXAMPLE 4 

This example illustrates polymerizing an outer shell of methyl methacrylate and ethyl acrylate onto the 
particles of Examples 3, to finish the core/shell polymer particles of the present invention. The following 
aqueous mixtures were prepared: 

40 
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10 



15 



20 



25 



Mixture Component Parts by Weight 

A Particle dispersion 

from Ex. 3 1348 

B Methyl Methacrylate 96 

Ethyl Acrylate 4.0 

C 3% aqueous Sodium 

Formaldehyde Sul foxy late 10 
10% aqueous Sodium 

Dcciecylbenzenesulfonate 1 * 5 

Water 53 

D t -Butyl Hydroperoxide 0.45 

Kater 14 



Mixture A was weighed into a reactor equipped with a stirrer and condenser and blanketed with 
nitrogen. The reactor contents were heated to 65 * C and stirred under the nitrogen blanket; Mixture B, C 
30 and D were separately added to the reactor over a period of 90 minutes. The temperature was maintained 
at 65 °C, and stirring was continued, for 30 minutes, after which the reactor contents were cooled to room 
temperature. The resulting particles were about 5 urn in diameter, with less than about 20% of the number 
of particles between 2 and 4 urn and a very small number of particles were below 0.5u.m. 

35 EXMAPLE 5 

This example illustrates preparation of a different emulsion polymer for use in preparing the core/shell 
particles of the present invention. The following mixtures were prepared: 

40 
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Mixture Component Parts by Weight 

5 A Water 208 

Sodium Carbonate 0.38 

E Butyl Acrylate 98 

10 

Butylene Glycol 
Diacrylate 0*25 
Allyl Methacrylate 2.0 
15 10% aqueous Scdiuir. 

Dodecylbenzenesulfonate 4.C 
Water -50 

20 

C Potassium Persulfate 0.063 

Water 35 

25 

A reactor equipped with stirrer and condenser and blanketed with nitrogen was charged with Mixture A 
and heated to 82 To the reactor contents was added 15% of Mixture B and 25% of Mixture C. The 
temperature was maintained at 82 °C and the mixture was stirred for 1 hour, after which the remaining 
Mixture B and Mixture C were added to the reactor, with stirring over a period of 90 minutes. Stirring was 
30 continued at 82 • C for 2 hours, after which the reactor contents were cooled to room temperature. The 
particle size in the resulting emulsion particles was 0.2 urn, as measured by Nanosizer. 

EXAMPLE 6 

35 In this example the particles in the emulsion of Example 5 are grown to 0.5 urn diameter using an 
emulsion of butyl acrylate and styrene. The following mixtures were prepared: 
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Mixture Component Parts by Weight 

A Water 185 

Sodium Carbonate 0.081 
Polymer Emulsion from 

Example 5 35 

B butyl Acrylete 82 

Styrene 18 
10% aqueous Sodium 

Dcdecylbenzenesulf onate 2 . 5 

Water 32 

C 1-Sexanethiol 19 

10% aqueous Sodium 

Dodecylbenzenesulf onate 2.8 

Water 11 

D Potassium Per sulfate 0.11 

Water 18 

E t-Butyl Hydroperoxide 0.18 

Water 3.7 



F 3% aqueous Sodium 

Formaldehyde Sulfoxylate 4.1 

Mixture A was added to the reactor of Example 5 and heated to 88* C with stirring. Mixtures B, C and D 
were added, with stirring, to the reactor over a period of 3 hours, after which the temperature was 
maintained at 88* C, with stirring, for 90 minutes. The reactor contents were cooled to 65 °C, Mixtures E 
and F were added, and the reactor contents were maintained at 65 °C, with stirring, for 1 hour, after which 
the reactor contents were cooled to room temperature. The resulting emulsion polymer particles had a 
diameter of 0.5 urn as measured by Nanosizer. 

EXAMPLE 7 

This example illustrates growing 5 urn diameter particles from the 0.5 um particles of Example 6 using 
an emulsion of butyl acrylate containing butylene glycol diacryiate crosslinker and allyl methacrylate 
graftlinker. In this example the procedure of Example 2 was repeated, except that 0.34 parts of the 0.5 urn 
diameter particle emulsion from Example 6 was used as Mixture C. The resulting polymer particles had a 
narrow particle size distribution and an average particle diameter of about 5 urn, as determined by optical 
microscopy. 
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EXAMPLE 8 

This example illustrates polymerization of the outer shell onto the particles prepared in Example 7, to 
complete preparation of the second core/shell polymer particles of the present invention. The procedure of 
5 Example 4 was repeated, using the 5 urn particle dispersion prepared in Example 7 as Mixture A. The 
resulting particles had a narrow particle size distribution and particle size diameter of about 5 urn, as 
determined by optical microscopy. 

EXAMPLE 9 

10 

This example illustrates preparation of a light-scattering polymer composition using the core/shell 
polymer particles of the present invention prepared in Example 8. The core/shell particles were isolated 
from the aqueous dispersion by coagulation with aqueous calcium hypophosphite coagulant, and 2 parts by 
weight of the particles were melt-blended with 98 parts by weight of poly (methyl methacrylate) having a 

75 weight-average molecular weight of about 120,000, at 232 *C. The blended polymer was compression 
molded at 204 *C into 12.7-cm-square plaques, and were evaluated for optical properties at room 
temperature. A goniophotometer was used to determine the intensity of light transmitted through the sample 
plaque at different angles; the sum of light transmitted at all angles is expressed as total luminous 
transmittance. The haze was determined using a HunterLab colorimeter. Hiding power is calculated by the 

20 following: 

biding Power = I [2] 

TToT 

25 

where I [0] is the transmitted light intensity at an angle of 0* , and l[2) is the transmitted light intensity at an 
angle of 2*. 

30 EXAMPLES 10-32 

These examples illustrate the effect upon the optical properties of poly(methyl methacrylate) when it is 
blended with various concentrations of coreshell polymer particles of the present invention having different 
refractive indices and particle sizes. The desired refractive index of the inner stage (or core) polymer was 

35 achieved by copolymerizing butyl acrylate with appropriate amounts of styrene. Polymer particles larger 
than 5 urn were prepared by using the procedures of Example 3 except that Mixture C was an appropriate 
amount of 5-um particle dispersion obtained from Example 3. Polymer particles smaller than 2 urn were 
prepared by using the procedures of Example 5 except that, depending upon the desirable final particle 
size, different amounts of sodium dodecylbenzenesulfonate and initial charge of Mixture B were used. The 

40 outer stage polymerizations were carried out using the procedures of Examples 4 and 8. All polymer 
particles had the same core/shell ratio of 80/20. 

The results of optical property testing of these particles are shown in Table II. 
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Properties of Blends of PMKft and Polymer Particles 
Polymer Particles 





Approx . 


n6 5 






Example 


Thickness 


Inner 


Outer 




No . 




Stage 


Stage 


Size 




mil 


Polymer 


Polymer 


. M 


10 


40 


1.463 
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3 .522 
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17 
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a 


M 
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19 
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0.1 


21 
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9 


23 
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24 
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26 


n 


1.522 


»i 


ii 


5 


27 


M 


1.463 


n 


2 




26 


n 


ft 


ft 


n 




2S 


n 


n 


ti 


C.4 




30 


ft 


n 


n 




10 












31 


rt 


n 


n 


0.1 




32 


n 


it 


u 


n 
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TABLE lb 

s Optical P roperties of Blends of PMMA and Polymer 

Particles 

10 

Total 



Luminous 

75 





Cone • n 


Trans . 


Hiding 


Eaz 


no . 


Wt . % 


% 


Power 


% 


i n 
± u 


9.0 


93 


1.0 


97 


11 


5 . C 


93 


C.S5 


96 


12 


9.0 


93 


0.98 


98 


13 


5.C 


S3 


0.97 


98 


14 


5.0 


S3 


0.97 


96 


15 


9.0 


92 


1.0 


98 


16 


5.0 


92 


0.57 


97 


17 


9.0 


90 


0.63 


98 


18 


5.C 


60 


0.029 


64 


19 


9.0 


69 


0.0040 


84 


20 


5.0 


£5 


0.0045 


10 


21 


9.0 


79 


0.0029 


24 


22 


9.0 


91 


1.0 


98 


23 


5.0 


92 


1.0 


98 


24 


9.0 


91 


1.0 


98 


25 


5.0 


91 


1.0 


98 


26 


5.0 


91 


1.0 


98 


27 


5.0 


87 


0.83 


98 


28 


9.0 


77 


1.0 


99 


29 


5.C 


68 


0.051 


83 
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30 
31 
32 



5.C 
5.0 
9.0 



61 
82 
72 



0.044 

0.004S 

0.CO34 



68 
15 
28 



70 



75 



20 



EXAMPLES 33-89 

These examples illustrate the use of core/shell polymer particles of the present invention with different 
matrix polymers having different refractive indices. Because the refractive indices of the core polymers 
prepared in Examples 3 and 7 were adjusted to be suitable for poly(methyl methacrylate), the core/shell 
polymers of Examples 4 and 8 were unsuitable for most of these matrix polymers. Using the procedures of 
Examples 1-4 or 5-8, core/shell polymer particles of the present invention were prepared by adjusting the 
butyl acrylate/styrene ratio to achieve the refractive index appropriate to the matrix polymer. All polymer 
particles had the same core/shell ratio of 80/20. The resulting core/shell polymers were blended with the 
matrix polymers to produce light-scattering polymer compositions of the present invention. Table II shows 
the properties and processing conditions of the matrix polymers, and Tables lll-VII show the properties of 
the matrix polymer-core/shell polymer blends of the present invention. Each blend was milled for 3 - 5 
minutes. 



25 



30 



Table II 



Milling/ 
Moldir*9 Kerr a- 



Temp 



Matrix 



Trade Karoe 



Supplier 



(°C) 



ctive 



Index 



35 



FMMA 



Plexiglas 
V-920 



Rohm and Haas 



450 



<231) 



1.49 



40 



45 



PS 



PC 



rVC a 



Styron 666U Dew Chem. Co. 



Merlon M-39 Kobay Chem. Co. 



400 (204) 1.59 



460 (219) 1.585 



Cxy blend 
161J 



Occidental 
Chem. Corp. 



340 



(171) 



1.54 



PVAC* 



50 P(MMA/aMS)° 



Polysciences 320 (160) 1.467 

Rohm and Haas Co. 410 (210) 1.52 
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Contains stablilzers and processing aid ir. 
icrniulation; no impact modifier or plasticizer. 
Refractive index giver is for PVC hcir.cpclyirer . 

b Weight-average molecular weight is 500 , 000. 

c Methyl methacrylate/ alpha -methvlstvrene/ethyl 
acrylate, 

73.5/24.5/2; Wt-Avg. MW = 115,000* 

The following examples illustrate polymer compositions of the present invention prepared by blending 
different matrix polymers with the light-scattering particles of the present invention. As the tables indicate, 
the 5- m particles diffuse light better than the smaller particles, which show a decrease in either total 
luminous transmittance or hiding power. These examples illustrate that blends of the particles of this 
invention with polystyrene, polycarbonate, polyvinyl chloride), poly (vinyl acetate) and poly(methyl 
methacrylateco -alpha -methylstyrene) are effective light diffusers with good light transmittance. 

Table Ilia 
Optical Properties of Blends of 



Polystyrene (PS) and Polymer Particles 





Polvmer 


Particles 










Approx . 


N 25 
D 










Thick- 


Inner 


Outer 






Example 


ness, . 


Stage 


Stage 


Size 


Cone . 


No. 


mil 


Polymer 


Polymer 


M 


Wt. % 


33 










0 


34 




1.560 


PS 


5 


5.0 


35 


ti 




n 


2 




36 


n 




H 


N 


:c 


37 


80 








p 


38 
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1.560 


PS 


5 


5.C 


39 
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M 


M 


2 


ti 


40 


«t 
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10 
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Table Illb 
Optical Properties of Blends of 

5 

Polystyrene (PS) and Polymer Particles 
Optical Properties m 

10 

Total 
Luminous 



Example Transmittance , Hiding 



75 



20 



25 



NO. 


% 


Power 


% 


33 


S2 


0.0038 


7.5 


34 


51 




?7 


35 


89 


0.11 


95 


36 


78 


0.96 


98 


37 


90 


0.0C3C 


S.€ 


38 


84 


1.0 


98 


39 


85 


0.60 


98 


40 


78 


0.9€ 


99 
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Tsble IV* 



Optical Properties cf Blerds cf Polycarbonate and Polvmer 

Particles 



Polymer Particles 



Appro:; 



«25 



Example 

NO. 



Thick- 
ness , 
mil 



Inner 
Stage 
Polymer 



Outer 
Stage 
Poller 



Size 
K 



Cone. 
Kfc.% 



41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 



40 



&0 



1/560 



1.560 



PMMA 



PMMA 



0 

3.0 
5.0 
7.0 
3.0 
5.0 
G 

3.0 
5.C 
7.C 
3.0 
5.0 
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TABLES VIb 



5 



10 



20 



25 





Optical Properties 








Total 








Luminous 






Example 


Transmittance , 


Hiding 


Haze 


No. 


% 


Power 


% 


41 


90 


0.0048 


6.5 


42 


87 


0.91 


96 


43 


E2 


1.0 


57 


44 


76 


1.0 


9b 


45 


77 


0.77 


58 


46 


69 


1.0 


99 


47 


90 


C.C073 


7.6 


48 


81 


0.97 


98 


4? 


72 


1.0 


95 


50 


65 


1.0 


59 


51 


67 


1.0 


99 


52 


57 


1.0 


59 



30 



35 



40 



45 



SO 
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TABLE Va 



Properties of Blends of Poly (vinyl chloride) iPVC) 
and Polymer Particles 



Approx . 



Polymer Particles 



N 



25 



Example 
NO. 

53 
54 
55 
56 
57 
58 
59 
60 
61 



Thick- 
ness , 
mil 

40 



80 



Inner 
Stage 
Polymer 

1.515 



1.515 



Outer 
Stece 
Polymer 

PKKA 



PMMA 



Size 
M 

5 

n 

2 



5 
1' 
5 
1 
C 
5 



20 



10 



75 



20 



25 



30 



35 
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TABLE Vb 

Optical Properties of Blends cf Polyvinyl Chloride) (PVC) 

and Folymer Particles 

Optical Properties 

Total 
Luminous 

Example Transmittance , Hiding Haze 

No. % Power % 



C-S6 98 

I.C 96 

55 70 °* 89 97 

66 1-0 98 



53 ec 

£4 72 



56 

57 75 

58 66 

59 59 
6C 52 
€1 47 



C.CC35 7.5 

1.0 98 

1.0 99 

G.S3 98 

3.0 99 



40 



45 



50 



55 
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TABLE Via 

Optical Properties of Blends of Poly (vinyl acetate) (PVAc) 

and Polymer Particles 



Polymer Particles 



Approx. N 

D 





Thick- 


Inner 


Outer 






Example 


ness , 


Stage 


Stage 


Size 


Cone 


No. 


mil 


Polymer 


Polymer 


M 


Wt. 


€2 


40 








0 


63 


M 


1.500 


PVAc 


5 


5.0 


04 


ir 


1.4S1 


PMMA 




n 


C5 


n 


1.500 


PVAc 


u 


10 


66 


H 


1.491 


PMMA 


n 


n 


67 


II 


1.500 


PVAc 


2 


5.0 


68 


n 




ii 


»• 


10 


69 


80 








0 


70 


n 


1.500 


PVAc 


e 


5.0 


71 


m 


1.491 


PMMA 


n 


M 


72 


M 


1.500 


PVAC 


M 


10 


73 


H 


1.491 


PMMA 


1) 




74 


M 


1.500 


PVAc 




5.0 


75 


n 




« 


M 


10 
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TABLE VI b 

Optical Properties of Blends ci ?clv "ir.yl Acetate) (PVAc) 

5 

and Polymer Fart id*? s 



10 




Optical Properties 










Total 






15 




Luminous 








Example 


Transrcittance r 


Hiding 


Haze 




No, 


% 


Power 


% 


20 


62 


92 


C.0046 


3.7 




63 


91 


0.98 


98 




64 


9C 


1.0 


98 




65 


89 


1.0 


99 


25 


66 


86 


1.0 


98 




60 


85 


C.19 


98 




68 


88 


0.75 


97 




69 


88 


0.0038 


5.5 


30 


70 


E7 


l.C 


99 




71 


85 


1.0 


98 




72 


81 


1.0 


98 




7 3 


74 


l.C 


99 


35 


74 


79 


0.95 


98 




75 


75 


1.0 


99 



40 



45 



50 



55 



23 



BP 0 269 324 B1 



TABLE Vila 



Poly (Methyl frethacrylate-co-alph-Methylstyrene) 



and Polymer Particles 



10 

Polymer Particles 



Approx. N 

D 

75 







Thick- 


Inner 


Outer 








L::ample 


ness r 


Stage 


Stage 


Size 


Cone . 




No. 


mil 


Polymer 


Polymer 


i: 


1st . % 


20 
















76 


40 








0 




77 


i» 


1.463 


PMMA 


5 


0.30 




78 


M 


N 


N 


n 


0.50 


25 


79 


l> 


n 


II 


ii 


0.70 




80 


80 








0 




81 


M 


1.463 


PMMA 


5 


0.30 




82 




n 


n 


n 


0.50 


30 


83 


ii 


M 


m 


ti 


0.70 




84 


Tf 


1.490 


M 


ii 


1.50 




85 


II 


M 


■ 


ii 


3.0 




86 


it 


1.500 


F (KKA/aKS) 


ft 


1.50 


35 


87 


11 


n 


m 


tt 


3.0 




88 


H 


1.490 


it 




1.5 




89 


n 


n 


m 


n 


3.0 



40 



45 



50 



55 
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TABLE VI lb 

Po3 v (Methyl Methacrylate-co-fclpha-Kethylstyrene) 



and Polymer Particles 



75 



20 



30 





Optical Properites 








Total 








Luminous 






Example 


Transmi ttance , 


Hiding 


Haze 


No. 


% 


Power 


% 


76 


92 


C.CC44 


6.5 


77 


90 


0.076 


59 


78 


90 


C.3C 


65 


79 


90 


0.32 


86 


80 


91 


0.0068 


9.5 


81 


88 


0.13 


77 


82 


86 


0.81 


95 


83 


86 


0.89 


96 


84 


82 


C.i>5 


97 


85 


78 


1.0 


98 


86 


78 


0.7C 


94 


87 


58 


CSC 


99 


88 


63 


0.24 


99 


89 


56 


0.97 


100 



The following words: Plexiglas, Styron, Merlon, Oxyblend, HunterLab; 
40 are trademarks which may be Registered in some or all designated states. 

Claims 

1. A particulate polymer composition suitable for incorporating into a thermoplastic polymer matrix to form 
45 a light-diffusing polymer composition, comprises particles of core/shell polymer having an average 

diameter of from 2 to 15 urn, a particle size distribution such that at least 90% by weight of the 
particles fall within ±20% of the average particle diameter, a core of rubbery alkyl acrylate polymer, the 
alky I group having from 2 to 8 carbon atoms, copolymerised with 0 to 50% copolymerizable vinyl 
monomer, 0 to 5% crosslinker and 0 to 5% graftlinker (based on the total weight of the core) and 
so having a refractive index (no 25 ) within 0.2 units of, but preferably no closer than ±0.003 to, the refractive 
index of the matrix polymer, and one or more polymer shells, the outer most of which is compatible 
with the matrix polymer, which shells comprise from 5 to 40% of the weight of the particles. 

2. The particulate polymer composition as claimed in Claim 1 , wherein the rubbery alkyl acrylate polymer 
55 is a copolymer of alkyl acrylate and upto 50% of one or more -copolymerizable vinyl monomers, 

preferably being a monovinyl monomer. 

3. The particulate polymer composition as claimed in Claim 2, wherein the alkyl acrylate monomer is 
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copolymerised with one or more alkyl methacrylate and/or vinyl arene, preferably one or more 
monovinyl arene. 

4. The particulate polymer composition as claimed in Claim 2 or Claim 3, wherein the, or one of the, 
5 copolymerizable monovinyl monomer(s) is styrene. 

5. The particulate polymer composition as claimed in any one of the preceding claims, wherein the alkyl 
acrylate monomer is butyl acrylate. 

70 6. The particulate polymer composition as claimed in any one of the preceding claims, wherein the outer 
most shell is a polymer of an alkyl methacrylate, vinyl arene, vinyl carboxylate and/or alkyl acrylate. 

7. A process for preparing a particulate polymer composition according to Claim 1 .suitable for incorporat- 
ing into a thermoplastic matrix polymer to form light-diffusing polymer compositions, which comprises: 
75 (A) forming or selecting, as rubbery core polymer composition, an aqueous emulsion of copolymer 

of alkyl acrylate, the alkyl group having from 2 to 8 carbon atoms, with from 0 to 50% copolymeriza- 
ble vinyl monomer, 0 to 5% crosslinker and 0 to 5% graftlinker (based on the total weight of the 
core copolymer) and the copolymer having a refractive index with ±0.2 units, preferably ±0.05, units 
of. but preferably no closer than ±0.003 units to, the refractive index of the thermoplastic matrix 
20 polymer, 

(B)1 swelling the polymer particles of A, or if appropriate the particles of (B) 2, with one or more 
monomers and 

(B) 2 polymerising the swelling monomer within the particles until all of the monomer has been 
polymerised, 

25 steps (B)1 and (B)2 being repeated, if necessary until at least 90% by weight of the particles of the 

particulate composition fall, in average particle diameter, within ± 20% of a desired size which is 
preferably in the range 2 to 15 urn, and 

(C) 1 suspending the resulting polymer particles, or if appropriate the particles of (C)2, in a second 
aqueous monomer emulsion and 

30 (C)2 polymerising onto the polymer particles a polymer shell from the monomer in the emulsion of 

(0)1. 

steps (C)1 and (C)2 being repeated if necessary with the same or different monomer emulsion, to 
form one or more polymer shells, the outermost of which is compatible with the matrix polymer, 
which shells comprise from 5 to 40% of the weight of the particles, the particles having a size 



35 distribution such that at least 90% by weight thereof fall within ± 20% of the average particle 

diameter of from 2 to 15 ixm. 

a The process of Claim 7, wherein the polymerization of step A) is conducted under conditions that form 
the emulsion polymer as an easily swellable oligomer, preferably conditions including the presence of a 
40 chain-transfer moderator, for example a mercaptan. 



9. The process of Claim 7 or 8, wherein one or more polymerizations of step B-2) are conducted under 
conditions that form a readily swellable oligomer from the swelling monomer, preferably conditions 
including the presence of a chain-transfer moderator, for example a mercaptan. 

45 

10. The process of any of Claims 7 to 9, wherein the first and second monomer emulsions are such that 
the core/shell polymer particles formed are as claimed in any one of Claims 2 to 6. 

11. A light-diffusing thermoplastic polymer composition which comprises a thermoplastic matrix polymer 
so and, distributed throughout the matrix polymer, from about 0.1% to about 10% of the total composition 

weight of particles of polymer as claimed in any one of Claims 1 to 6 or particles made in accordance 
with the process claimed in any one of Claim 7 to 10. 

12. The light-diffusing composition of Claim 11 wherein the matrix polymer is clear and preferably has a 
55 glass-transition temperature no less than 50 ' C. 

13. The light-diffusing composition of Claim 11 or Claim 12, wherein the matrix polymer is a homopolymer 
of polymethylmethacrylate, poly(styrene), polyvinyl chloride), poly(cellulose acetate butylate), poly- 
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(ethylene terephthalate) or poly(giutarimides). 

14. The light-diffusing composition of Claim 11 or Claim 12, wherein the matrix polymer is a copolymer of 
poly(methyl methacry late-co-alky I aery late) wherein the alkyl group contains 1 to 8 carbon atoms, poly- 
(styrene-co-acrylonitrile) containing up to 40% acrylonitrile units, poly(styrene-co-methyl methacrylate), 
poiy(alpha-methylstyrene-co-methyl methacrylate), poly (alpha-methylstyrene-co-alkyl acrylate) wherein 
the alkyl group contains 1 to 8 carbon atoms, polyvinyl chloride-co- vinyl acetate) and polyvinyl 
chloride-co-propylene). 

PatentansprUche 

1. Partikulare zum Einbau in eine thermoplastische Polymermatrix geeignete Polymerzusammensetzung, 
wodurch eine Licht-zerstreuende Polymerzusammensetzung ausgebildet wird, 

enthaltend Partikel eines Kern-/Hullpolymers mit einem durchschnittlichen Durchmesser von 2-15 urn 
und einer Parti kelgroflenvertei lung derart, daB mindestes 90 Gew.-% der Partikel innerhalb von ± 20 % 
des durchschnittlichen Parti keldurchmessers liegen, einem mit 0-50 % eines copolymerisierbaren 
Vinylmonomers, 0-5 % eines Vernetzers und 0-5 % eines Pfropflinkers (basierend auf dem Gesamtge- 
wicht des Kerns) copolymerisierten Kern eines gummiartigen Alkylacrylatpolymers, wobei der Alkyl- 
Rest 2-8 C-Atome aufweist, und einem Brechungsindex (n D 35) innerhalb von 0,2 Einheiten von, jedoch 
vorzugsweise nicht mehr als ± 0,003 zu dem Brechungsindex der Polymermatrix, und ein Oder mehrere 
Polymerhulien, von denen die auBere mit der Polymermatrix vertraglich ist, und die 5-40 Gew.-% der 
Partikel ausmachen. 

2. Partikulare Polymerzusammensetzung nach Anspruch 1, worin das gummiartige Alkylacrylatpolymer 
ein Copolymer aus Alkylacrylat und bis zu 50 % eines oder mehrerer copolymerisierbarer Vinylmono- 
mere, vorzugsweise ein Monoviny I monomer ist. 

3. Partikulare Polymerzusammensetzung nach Anspruch 2, worin das Alkylacrylatmonomer mit ein oder 
mehreren Alkylmethacryiaten und/oder Vinylarenen, vorzugsweise ein oder mehr Monovinylarene, 
copolymerisiert ist. 

4. Partikulare Polymerzusammensetzung nach Anspruch 2 oder 3, worin das oder eines der copolymeri- 
sierbaren Monovinylmonomere Styrol ist. 

5. Partikulare Polymerzusammensetzung nach einem der vorhergehenden AnsprOche, worin das Alkyl- 
acrylatmonomer Butylacrylat ist. 

6. Partikulare Polymerzusammensetzung nach einem der vorhergehenden AnsprOche, worin die aufiere 
HQ lie ein Polymer aus einem Alkylmethacrylat, Vinylaren, Vinylcarboxylat und/oder Alkylacrylat ist. 

7. Verfahren zur Herstellung einer partikularen Polymerzusammensetzung nach Anspruch 1 , geeignet zum 
Einbau in eine thermoplastische Polymermatrix, wodurch Licht-zerstreuende Polymerzusammensetzun- 
gen ausgebildet werden, bei dem: 

(A) Eine wSBrige Emulsion eines Copolymers aus Alkylacrylat, wobei der Alkyl-Rest 2-8 C-Atome 
aufweist, 0-50 % copolymerisierbarem Vinyl monomer, 0-5 % Vernetzer und 0-5 % Pfropf linker 
(basierend auf dem Gesamtgewicht des Kern-Copolymers) als gummiartige Kern-Polymerzusam- 
mensetzung ausgebildet oder ausgewahlt wird, und das Copolymer einen Brechungsindex innerhalb 
von ± 0,2 Einheiten, vorzugsweise ± 0,05 Einheiten von, vorzugsweise jedoch nicht naher als ± 0,003 
Einheiten zu dem Brechungsindex der thermoplastischen Polymermatrix hat, 

(B) 1 die Polymerpartikel von A oder, wenn angemessen, die Partikel von (B) 2 mit ein oder mehr 
Monomeren gequollen werden und 

(B) 2 das quellende Monomer innerhalb der Partikel solange polymerisiert wird, bis das gesamte 
Monomer polymerisiert ist, 

wobei die Schritte (B)1 und (B)2 wiederholt werden, wenn notig, bis mindestens 90 Gew.-% der 
Partikel der partikularen Zusammensetzung in ihrem durchschnittlichen Parti keldurchmesser inner- 
halb von ± 20 % einer gewOnschten Grbfie liegen, die vorzugsweise im Bereich von 2 bis 15 urn 
iiegt, und 

(C) 1 die erhaltenen Polymerpartikel oder, wenn angemessen, die Partikel von (C)2 in einer zweiten 
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wSfirigen Monomeremulsion suspendiert werden und 

(C)2 auf den Polymerpartikeln eine PolymerhUlle aus dem Monomer in der Emulsion von (C)1 
polymerisiert wird, . 
wobei die Schritte (C)1 und (C)2, wenn notig, mit der gleichen oder einer unterschied lichen 
Monomeremulsion wiederholt werden, wodurch ein oder mehrere PolymerhUllen ausgebildet werden, 
von denen die aufiere mit der Polymermatrix vertraglich ist und die HUllen 5-40 Gew.-% der Partikel 
umfassen, wobei die Partikel eine Gro Ben vertei lung umfassen derart, dafl mindestens 90 Gew.-% 
davon innerhalb von ± 20 % des durchschnittlichen Partikeldurchmessers von 2-15 u.m liegen. 

Verfahren nach Anspruch 7, worin die Polymerisation von Schritt (A) unter Bedingungen durchgefUhrt 
wird die das Emulsionspolymer als leicht quellbares Oligomer ausbilden, vorzugsweise unter Bedin- 
gungen, einschliefilich des Vorliegens eines KettenUbertragungsmoderators, beispielsweise von Mer- 
captan. 

9 Verfahren nach Anspruch 7 oder 8, worin ein oder mehrere Polymerisationen von Schritt (B)2 unter 
Bedingungen durchgefUhrt werden, die aus dem quellenden Monomer ein leicht quellbares Oligomer 
ausbilden, vorzugsweise unter Bedingungen, einschlieBlich des Vorliegens eines KettenUbertragungs- 
moderators, beispielsweise von Mercaptan. 

10. Verfahren nach einem der Anpruche 7 bis 9, worin die erste und zweite Monomeremulsion so ist, dafi 
die ausgebildeten Kern-/Hu!l-Polymerteilchen wie in einem der Anspruche 2 bis 6 definiert sind. 

11 Licht-zerstreuende, thermoplastische Polymerzusammensetzung, umfassend eine thermoplastische Po- 
" lymermatrix und, verteilt uber die Polymermatrix, mit etwa 0,1 % bis etwa 10 % des gesamten 
Zusammensetzungsgewichts Polymerpartikel nach einem der Anspruche 1-6 oder gemafl des Verfah- 
rens gema/3 einem der AnsprUche 7-10 erhaltene Partikel. 

12. Licht-zerstreuende Zusammensetzung nach Anspruch 11, worin die Polymermatrix klar ist und vorzugs- 
weise die Glasumwandlungstemperatur von nicht weniger als 50 ' C aufweist. 

13. Licht-zerstreuende Zusammensetzung nach Anspruch 11 oder 12, worin die Polymermatrix ein Homo- 
polymer von Polymethylmethacrylat, Poly(styrol), Poly{vinylchlorid), Poly(celluloseacetatbutylat), Poly- 
(ethylenterephthalat) oder Poly(glutarimiden) ist. 

14 Licht-zerstreuende Zusammensetzung nach Anspruch 11 oder 12, worin die Polymermatrix ein Copoly- 
mer von Poly(methylmethacrylat-co-alkylacrylat), worin der Alkylrest 1-8 C-Atome enthalt, Poly(styrol- 
co-acrylonitril) mit bis zu 40 % Acrylonitril-Einheiten, Poly(styrol-co-methacrylat), Poly(aipha- 
methylstyrol-co-methylmethacrylat), Poly(alpha-methylstyrol-co-alkyiacrylat), worin der Alkyl-Rest 1-8 
C-Atome enthalt, Poly(vinylchlorid-co-vinylacetat) und Poly(vinylchlorid-co-propylen) ist. 

Revendications 

1. Une composition de polymere en particules se pretant a I' incorporation dans une matrice de polymere 
thermoplastique en vue de la formation d'une composition de polymere diffusant la lumiere, comprend 
des particules d'un polymere de coeur/enveloppe possSdant un diametre moyen de 2 a 15 urn, une 
repartition granulometrique telle qu'au moins 90% en poids des particules se placent dans la fourchette 
de ± 20% du diametre de particule moyen, un coeur constitu<§ d'un polymere d'acrylate d'alkyle 
caoutchouteux. le groupe alkyle possSdant 2 a 8 atomes de carbone, copolym^ris^ avec 0 a 50% de 
monomere vinylique copolym^risable. 0 a 5% de rdticulant et 0 a 5% d'agent de greffage (par rapport 
au poids total du coeur) et possSdant un indice de refraction (n D 25) dans les limites de 0,2 unit^, mais 
de preference pas plus pres que ± 0,003, de I'indice de refraction du polymere de la matrice, et une ou 
plusieurs enveloppes de polymere, I'enveloppe externe etant compatible avec le polymere de la 
matrice, lesdites enveloppes reprSsentant 5 a 40% du poids des particules. 

2. La composition de polymere en particules selon la revendication 1 , dans laquelle le polymere d'acrylate 
d'alkyle caoutchouteux est un copolymere d'acrylate d'alkyle et, jusqu'a concurrence de 50%, d'un ou 
de plusieurs monomeres vinyliques copolymeYisables. un monomere monovinylique 6tant pr6f4re. 
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3. La composition de polymere en particules selon la revendication 2, dans laquelle le monomere 
d'acrylate d'alkyle est copolymerise avec un ou plusieurs methacrylates d'alkyle et/ou arenes vinyli- 
ques, de preference avec un ou plusieurs arenes monbvinyliques. 

4. La composition de polymere en particules selon la revendication 2 ou 3 dans laquelle le ou un des 
monomeres monovinyliques copolymerisables est le styrene. 

5. La composition de polymere en particules selon Tune quelconque des revendications pr§cedentes, 
dans laquelle le monomere d'acrylate d'alkyle est Pacrylate de butyle. 

6. La composition de polymere en particules selon Tune quelconque des revendications prScedentes, 
dans laquelle Penveloppe externe est un polymere d'un methacrylate d'alkyle, d'un arena vinylique, 
d'un carboxylate vinylique et/ou d'un acrylate d'alkyle. 

7. Un procede pour la preparation d'une composition de polymere en particules selon la revendication 1 
se pretant a Pincorporation dans un polymere de matrice thermoplastique pour former des composi- 
tions de polymere diffusant la lumiere, qui comprend les Stapes consistant : 

A) a former ou a seMectionner, en tant que composition de polymere de coeur caoutchouteux, une 
emulsion aqueuse de copolymere d'acrylate d'alkyle, le groupe alkyle comportant 2 a 8 atomes de 
carbone, avec 0 a 50% de monomere vinylique copolymSrisable, 0 a 5% de reticulant et 0 a 5% 
d'agent de greffage (par rapport au poids total du copolymere de coeur), le copolymere ayant un 
indice de refraction dans ia limite de ± 0,2 unite, de preference de ± 0,05 unite, mais de preference 
pas plus pres que ± 0,003 unite de I' indice de refraction du polymere de la matrice thermoplastique, 
(B)1 a gonfler les particules de polymeres de A ou, le cas echeant, les particules de (B)2, avec un 
ou plusieurs monomeres et 

(B) 2 a polymeriser le monomere gonflant au sein des particules jusqu'a polymerisation de la totalite 
du monomere, les etapes (B)1 et (a)2 etant repetees, si necessaire, jusqu'a ce qu'au moins 90% en 
poids des particules de la composition en particules se placent, en diametre de particule moyen, 
dans la limite de ± 20% d'une taille souhaitee qui se situe de preference dans la gam me de 2 a 15 
urn et 

(C) 1 a mettre les particules de polymere resultantes ou, le cas echeant, les particules de (C)2 en 
suspension dans une deuxieme emulsion de monomere aqueuse et 

(C)2 a polymeriser sur les particules de polymere une enveloppe de polymere a partir du 
monomere de Pemulsion de (C) 1, les etapes (C)1 et (C)2 etant repetees, si necessaire, avec la 
meme emulsion de monomere ou une emulsion differente, en vue de former une ou plusieurs 
enveloppes de polymere, I'enveloppe externe etant compatible avec le polymere de la matrice, 
lesdites enveloppes representarit 5 a 40% du poids des particules, les particules possedant une 
repartition granulometrique telle qu'au moins 90% en poids de celles-ci se placent dans la 
fourchette de ± 20% du diametre de particule moyen de 2 a 15 urn. 

8. Le procede selon la revendication 7, dans lequel la polymerisation de I'etape A est conduite dans des 
conditions donnant naissance au polymere en emulsion sous forme d'oligomere facilement gonf table, 
de preference dans des conditions incluant la presence d'un agent moderateur de transfert de chatne, 
par exemple un mercaptan. 

9. Le procede selon la revendication 7 ou 8, dans lequel une ou plusieurs polymerisations de retape (B)2 
sont conduites dans des conditions formant un oligomere facilement gonflable a partir du monomere 
gonflant, de preference dans des conditions incluant la presence d'un agent moderateur de transfert de 
chatne, par exemple un mercaptan. 

10. Le procede selon Pune quelconque des revendications 7 a 9, dans lequel les premiere et deuxieme 
emulsions de monomere sont telles que les particules de polymere de coeur/enveloppe formees sont 
telles que revendiquees dans Pune quelconque des revendications 2 a 6. 

11. Une composition de polymere thermoplastique diffusant la lumiere qui comprend un polymere de 
matrice thermoplastique et, repartis dans I'ensemble du polymere de matrice, environ 0,1% a environ 
10% par rapport au poids total de la composition, de particules de polymere telles que revendiquees 
dans Pune quelconque des revendications 1 a 6 ou de particules produites selon le procede revendique 
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dans Tune quelconque des revendications 7 a 10. 

12. La composition diffusant la lumiere selon la revendication 11, dans laquelle le polymere de matrice est 
limpide et possede de preference une temperature de transition vitreuse non infeneure a 50 "C. 

5 

13. La composition diffusant la lumiere selon la revendication 11 ou la revendication 12, dans laquelle le 
polymere de la matrice est un homopolymere de poly(m£thacrylate de m^thyle), de poly (sty re ne), de 
poly(chlorure de vinyle), de poly(ac£to-butyrate de cellulose), de poly(te>ephtalate d'6thylene) ou de 
poly(glutarimides). 

10 

14. La composition diffusant la lumiere selon la revendication 11 ou la revendication 12, dans laquelle le 
polymere de matrice est un copolymere de poly(methacrylate de methyle - co-acrylate d'alkyle) dans 
lequel le groupe alkyle contient 1 a 8 atomes de carbone, de poly (sty rene-co-acrylonitrile) contenant 
jusqu'a 40% de motifs acrylonitrile, de poly (sty re ne-co-m£thacry late de methyle), de poly(alpha- 

75 m§thylstyrene-co-methacrylate de methyle), de poly(alpha-m§thylstyrene-co-acrylate d'alkyle) dans 
lequel le groupe alkyle contient 1 a 8 atomes de carbone, de poly(chlorure de vinyle-co-ac6tate de 
vinyle) et de poly(chlorure de vinyle-co-propylene). 
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